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The FAR-PAR Index is a better predictor of stem 
and leaf expansion than phytochrome photo-equilibrium
Materials & Methods Literature Cited
Introduction
Phytochrome exists in one of two 
reversible forms, active  (Pfr) and 
inactive (Pr), that depend on the 
wavelengths it absorbs. 
Absorption and conversion rates of 
phytochrome have been  
measured by Butler et al. (1964), 
Gardner and Graceffo (1982) and 
Sager et al. (1988).  All studies 
measured phytochrome from dark-
grown tissue to minimize 
interference from chlorophyll.
Phytochrome photo-equilibria 
(PPE), is the ratio of active 
phytochrome to total 
phytochrome: 𝑃𝑃𝐸 =
𝑃𝑓𝑟
𝑃𝑓𝑟+ 𝑃𝑟
The red/far-red (R:FR) ratio is often 
used as a proxy for this ratio. Both 
PPE and R:FR have historically been 
used as predictors of stem 
elongation. They have both been 
adequate in sunlight and under 
electric light, but are not entirely 
reliable under a wide range of 
spectra, especially those produced 
by narrow bandwidth LEDs.
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The FAR-PAR Index is the ratio of far-red photons (700-750 nm) to total 
photosynthetic photons (PPFD), expressed as a percent.
Cucumbers were used because they have been shown to be sensitive to 
far-red photons. There were four photon ratio treatments in each of two 
replicate studies.  There were six replicate plants in each treatment. 
Plants were harvested 15 days after emergence (see photos). The R:FR 
ratio was measured with both SKYE and Apogee sensors. 
The fraction of far-red photons (greater than 700 nm) is increased 
compared to shorter wavelengths under plant shade.  The resulting 
spectral shift is sensed by the pigment phytochrome, which mediates 
stem and leaf expansion.
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Weighting factors used for the 
calculation of PPE. Pfr absorbs far-red 
photons and is converted into Pr. . 
Similarly, Pr has a peak absorption at 
660 nm and  is converted  into Pfr.
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PPFD (400-700) 370 370 370 370 --
DLI (mol m-2 d-1) 21 21 21 21 30 - 50
PPE 0.87 0.84 0.83 0.74 0.72
R:FR Ratio 50 3.1 7.5 0.82 1.05
FAR-PAR Index 1.4 10.2 0.71 9.5 17.6
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